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METHOD OF FORMING A SELECTIVE
SPACER IN A SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the field of manufacturing
of semiconductor devices and micro electro-mechanical sys-
tems (MEMS), and more particularly to the formation of
spacers.

2. Discussion of Related Art

For many years spacers have been employed 1n the manu-
facture of semiconductor and MEMS devices. Generally, a
spacer 1s a material ultimately retained only on the sidewalls
of non-planar structures. The formation of a spacer typically
proceeds by depositing a film over a non-planar structure and
anisotropically etching the film by an amount suificient to at
least the as-deposited thickness of the film. The amisotropic
character of the etch process leaves a spacer only where
deposition of the film on the sidewall of the non-planar struc-
ture increases the effective thickness of the film. Therefore,
the thickness of the film deposited on the sidewall determines
the final spacer thickness after the bulk of the film has been
etched away.

One reason the conventional spacer process has found wide
application 1n industry 1s because of 1ts “self-aligned™ nature.
The formation of the spacer itself requires only a blanket
deposition and an unpatterned anisotropic etch to consistently
form a spacer of a controlled lateral thickness (i1.e. width)
adjacent to another feature from the sidewall of the non-
planar structure. Unfortunately, as devices have become more
advanced, the seli-aligned nature of a spacer begins to have
significant disadvantages. For example, more advanced
devices have more severe topography and the need to prevent
a spacer from forming on a particular sidewall of a device may
be 1n contlict with the need to form a spacer on another
sidewall of the same device.

Conventional multi-gate transistor 100 1n FIG. 1A, serves
to 1llustrate this point further. A non-planar semiconductor
body 115, having sidewall 107 with sidewall height H,, and
top surtace 108, 1s formed adjacent to 1solation 110 over
substrate 102. Top surface 108 and sidewall 107 are appor-
tioned into a non-planar source/drain regions 116 and a chan-
nel region. The channel region 1s that portion of non-planar
semiconductor body 115 covered by a gate stack with a side-
wall height H, and comprised of gate insulator 112 and gate
clectrode 113. In this transistor design, the device can be
gated by the gate stack through sidewall 107 as well as the top
surface 108 of the device. Because the channel 1s gated by
multiple gate electrode-semiconductor interfaces, the transis-
tor having a non-planar channel 1s frequently called a multi-
gate device.

As turther shown in FIG. 1A, spacer 119 1s formed to offset
or “space” non-planar source/drain regions 116 from the
channel region covered by the gate stack. The self-aligned
nature of the conventional spacer formation process dictates
that spacer 118 1s formed adjacent to sidewall 107 by the same
process that forms spacer 119. While spacer 119 1s desirable,
spacer 118 may be undesirable because, for example, spacer
118 limits access to non-planar semiconductor body 1135 1n
non-planar source/drain regions 116. Thus, undesirable
spacer 118 leaves only the area of the top surface of non-
planar source/drain regions 116 having length L and width W
accessible to subsequent processing. Therefore, the non-se-
lective nature of the conventional spacer shown 1n FIG. 1A
can be problematic.
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FIG. 1B represents a cross-sectional view of the multi-gate
transistor of FIG. 1A taken along the A-A' reference line.
Here again, spacer 118, undesired, 1s adjacent to non-planar
semiconductor body 115 extending over isolation 110 on
substrate 102. Spacer 119, desired, 1s adjacent to gate stack
114. Also visible 1n FIG. 1B 1s etch damage to semiconductor
surface 1235 spanning the length L of the top surface of non-

planar source/drain regions 116. Damage to semiconductor
surface 123 1s a result of exposing semiconductor surface 125
to a plasma-based anisotropic etch during a conventional
spacer formation process.

DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s an illustration of a perspective view of a semi-
conductor device with conventional spacers.

FIG. 1B 1s a cross-sectional view of a semiconductor
device with conventional spacers.

FIG. 2 1s a cross-sectional view of a semiconductor device
with spacers 1n accordance with an embodiment of the
present invention.

FIGS. 3A-3G are cross-sectional views of a semiconductor
device at various stages of fabrication 1n accordance with an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

PR.

L]
p

ENT

In various embodiments, semiconductor devices with
selective spacers are described with reference to figures.
However, certain embodiments may be practiced without one
or more of these specific details, or in combination with other
known methods and matenals. In the following description,
numerous specific details are set forth, such as specific mate-
rials, dimensions and processes, etc., in order to provide a
thorough understanding of the present ivention. In other
instances, well-known semiconductor processes and manu-
facturing techniques have not been described in particular
detail in order to not unnecessarily obscure the present inven-
tion. Reference throughout this specification to “an embodi-
ment” means that a particular feature, structure, material, or
characteristic described 1n connection with the embodiment
1s included 1n at least one embodiment of the invention. Thus,
the appearances of the phrase “in an embodiment™ 1n various
places throughout this specification are not necessarily refer-
ring to the same embodiment of the invention. Furthermore,
the particular features, structures, materials, or characteristics
may be combined 1n any suitable manner in one or more
embodiments.

Embodiments of the present invention include a device
having a first and second sidewall and a selective spacer. A
selective spacer 1s a spacer that, without requiring a patterned
etch, 1s formed on the second sidewall, but not on the first
sidewall.

In one embodiment, as shown 1n the cross-sectional view of
FIG. 2, device 200 1s multi-gate transistor on substrate 202
having non-planar semiconductor body 2135 adjacent to 1so-
lation 210. As shown, selective spacer 219 1s retained on the
sidewall of non-planar gate stack 214 while the sidewall of
non-planar semiconductor body 215 is substantially free of
spacer. Selective spacer 219 1s adjacent to (1.€. protecting) the
entire gate stack 214 sidewall height H,, while non-planar
semiconductor body 215 sidewall height H, 1s free of spacer
(1.e. exposed). It should be appreciated that device 200 has a
similar structure to semiconductor device 100, of FIG. 1A,
such that the sidewall height H1, free of spacer, extends along
the distance L ol non-planar semiconductor body 215 parallel
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to the cross-sectional plane of FIG. 2. Thus, the sidewalls of
non-planar source/drain regions 216 are substantially free of
spacer. One of skill in the art should also appreciate that
selective spacer 219 defines a self-aligned oifset, or space,
between non-planar source/drain regions 216 and gate stack
214 without requiring lithography to separate non-planar
source/drain regions 216 from gate stack 214 (i.e. source/
drain regions 216 are self-aligned). Similarly, because side-
wall height H, along the length [ of non-planar source/drain
regions 216 has no spacer, the sidewall free of spacer 1s also
self-aligned to gate stack 214. Thus, in this embodiment, the
selective spacer process enables device 200 to have non-
planar source/drain regions 216 that are substantially free of
spacer. This enables the semiconductor sidewall surfaces of
non-planar source/drain regions 216 to be accessed during
subsequent processing without requiring a lithographically
patterned etch to selectively remove a portion of spacer mate-
rial.

Because no lithography 1s required to form selective spacer
219 adjacent gate stack 214, the structure of FIG. 2 can have
sublithographic dimensions. In one embodiment the width of
selective spacer 219 1s sublithographic. Sublithographic is a
relative term meaning for any imaging technology used 1n the
tabrication of device 200, the dimension of selective spacer
219 1s smaller than can be imaged by that imaging technol-
ogy. Because the width of selective spacer 219 1s sublitho-
graphic, the distance between gate stack 214 and non-planar
source/drain regions 216 that are substantially free of spacer
1s also sublithographic. Thus, 1n an embodiment, a first side-
wall substantially free of spacer 1s a sublithographic distance
from a second sidewall protected by selective spacer 219.

In a further embodiment, as shown 1n FIG. 2, gate stack 214
1s augmented with margin layer 230. Generally margin layer
230 may be any maternal of suificient thickness that the sum
of sidewall height H, and the sidewall height H, 1s greater
than the sidewall height H,. In one such embodiment, the
thickness of margin layer 230 1s greater than the step height of
non-planar semiconductor body 2135 such that sidewall height
H, 1s greater than sidewall height H;.

In an embodiment, the device with selective spacer has
semiconductor surfaces substantially free of spacer etch dam-
age. As shown 1n FIG. 2, semiconductor surface 223 is sub-
stantially iree of spacer etch damage along the length L after
the formation of selective spacer 219.

A method of fabricating a selective spacer 1n a device 1n
accordance with an embodiment of the present invention, as
shown 1n FIG. 2, 1s illustrated 1n FIGS. 3A-3G. Ina particular
embodiment, as shown 1n FIG. 3A, fabrication begins with a
“bulk semiconductor” substrate 302, such as, but not limited
to, a monocrystalline silicon substrate or a galllum arsenide
substrate. In a further embodiment, the substrate 302 1s a bulk
s1licon semiconductor having a doped epitaxial silicon layer
with either p-type or n-type conductivity at an impurity con-
centration level between 1x10'°-1x10'" atoms/cm’. In
another embodiment, substrate 302 1s a bulk silicon semicon-
ductor substrate having an undoped, or intrinsic epitaxial
silicon layer. In a “bulk semiconductor” substrate, unlike a
silicon-on-insulator (SOI) substrate, there 1s no “buried”
insulating layer between semiconductor portion used to fab-
ricate the active devices and the semiconductor portion used
for handling. In alternate embodiments, commonly-known
SOI substrates may be employed.

First, a mask 1s used to define the non-planar semiconduc-
tor bodies of the transistors. The mask can be any well-known
material suitable for defining the semiconductor substrate. In
one embodiment, the mask 1s 1tself a photo-definable mate-
rial. In another embodiment, the mask 1s formed of a dielec-
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tric material that has been lithographically defined and
etched. In a particular embodiment, as shown 1n FIG. 3A,
mask 311 1s a composite stack of materials, such as a nitride
307 on an oxide 306. If mask 311 1s a dielectric matenal,
commonly known techniques, such as chemical vapor depo-
sition (CVD), low pressure chemical vapor deposition
(LPCVD), plasma enhanced chemical vapor deposition
(PECVD), or even spin on processes may be used to deposit
the mask material while commonly known lithography and
etching process may be used to define the mask. In an
embodiment of the present invention, the minimum litho-
graphic dimension 1s used to define the width of mask 311. In
another embodiment, the minimum width of the mask 311 1s
sub-lithographic, formed by commonly known techniques
such as dry develop or oxidation/strip.

As further shown in FIG. 3A, dielectric-filled trenches
form1solation 310 on substrate 302. Using commonly known
techniques, a portion of the semiconductor on bulk substrate
302 1s etched to form recesses or trenches on substrate 302 1n
alignment with mask 311. The 1solation etch defining the
semiconductor body 315 has suificient depth to 1solate 1ndi-
vidual devices from one another and form a gate-coupled
sidewall of adequate height to achieve the maximum desired
channel width of the non-planar transistors.

Isolation 310 1s completed by filling the 1solation trenches
and planarizing the substrate. In an embodiment of the
present mvention, 1solation 310 include a liner of oxide or
nitride on the bottom and sidewalls of the trenches formed by
commonly known methods, such as thermal oxidation or
nitridation. In an alternate embodiment, no liner 1s employed.
Next, the trenches are filled by blanket depositing an oxide by,
for example, a high-density plasma (HDP) chemical vapor
deposition process. The deposition process will also form
dielectric on the top surfaces of the mask 311. The {11l dielec-
tric layer can then be removed from the top of mask 311 by
chemical, mechanical, or electrochemical, polishing tech-
niques. The polishing 1s continued until the mask 311 1s
revealed, forming 1solation 310, as shown 1n FIG. 3A. In a
particular embodiment of the present ivention, commonly
known methods are used to selectively remove the mask 311.
In another embodiment, at least a portion of mask 311 1is
retained.

If desired, wells can then be selectively formed for pMOS
and nMOS transistors (not shown). Wells can be formed using
any commonly known technique to dope the semiconductor
between 1solation 310 to a desired impurity concentration. In
embodiments of the present invention, non-planar semicon-
ductor bodies are selectively doped to p-type or n-type con-
ductivity with a concentration level of about 1x10'°-1x10"'”
atoms/cm” using commonly known masking and ion implan-
tation techniques. In a particular embodiment, the well
regions extend into the semiconductor about 500 A deeper
than 1solation 310.

Next, a first non-planarity 1s introduced 1nto the device. In
a particular embodiment, as shown 1n FIG. 3B, 1solation 310
1s etched back to expose the sidewalls of the semiconductor
without significantly etching the semiconductor, to form non-
planar semiconductor body 315 having a sidewall height H, .
Any etch with good uniformity and etch rate control may be
employed. In embodiments where semiconductor body 315 1s
silicon, 1solation 310 can be recessed with an etchant com-
prising a fluorine 10n, such as hydrofluoric acid (HF). In some
embodiments, 1solation 310 1s recessed using a commonly
known anisotropic etch, such as a plasma or RIE process
using an etchant gas such as, but not limited to, hexatluore-
thane (C,F). In a further embodiment, an anisotropic etch
can be followed by an 1sotropic etch, such as a commonly
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known dry process using a gas such as nitrogen trifluoride
(NF,), or a wet chemical etch such as HF, to completely
remove 1solation 310 from at least a portion of the semicon-
ductor sidewalls.

A second non-planarity 1s then mtroduced 1n the device 1n
a manner dependent on the type of device (dual-gate transis-
tor, tri-gate transistor, opto-electronic device, MEMS, etc.).
In the embodiment shown 1 FIG. 3C, gate stack 314 1is
formed on the top surface of the non-planar semiconductor
body 315. In a tri-gate embodiment of the present mnvention,
gate stack 314 1s also formed adjacent to the exposed side-
walls 1n a direction out of the plane of FIG. 3C. In certain
other embodiments, such as dual-gate transistors (not
shown), the gate stack 1s not formed on the top surface of the
non-planar semiconductor bodies. Gate stack 314 may be
formed by commonly-known techniques, such as blanket
depositing a gate electrode material over the substrate and
then patterning the gate electrode material. In other embodi-
ments of the present mvention, the gate electrode 1s formed
using “replacement gate” methods. In such embodiments, the
gate electrode utilizes a {ill and polish technique similar to
those commonly employed 1n damascene metallization tech-
nology, whereby the recessed i1solation may be completely
filled with gate electrode material.

Gate stack 314 can include gate dielectric 312 and gate
clectrode 313. In an embodiment of the present ivention,
gate dielectric 312 1s a silicon dioxide dielectric film grown
with a dry/wet oxidation process. In an embodiment of the
present ivention, gate dielectric 312 1s a deposited high
dielectric constant (high-K) metal oxide dielectric, such as,
but not limited to, tantalum pentaoxide, titanium oxide,
hatnium oxide, zirconium oxide, aluminum oxide, or another
high-K dielectric, such as barium strontium titanate (BST). A
high-K film can be formed by well-known techniques, such as
chemaical vapor deposition (CVD) and atomic layer deposi-
tion (ALD). In further embodiments of the present invention,
gate stack 314 further includes gate electrodes comprising
metals such as, but not limited to, tungsten, tantalum nitride,
titanium nitride or titanium silicide, nickel silicide, or cobalt
silicide. In still other embodiments, the gate electrode com-
prises commonly known silicides.

In an embodiment, as shown 1in FIG. 3C, the selective
spacer process employs margin layer 330 over gate stack 314.
As depicted, margin layer 330 1s 1n alignment with gate stack
314 such that a sidewall of margin layer 330 1s aligned with a
sidewall of gate stack 314. In on embodiment, margin layer
3301s patterned by the same operation defimng the gate stack.
Margin layer 330 therefore augments the sidewall of gate
stack 314, increasing sidewall height H, by an amount H, to
form a combined sidewall height of H,+H,. In one embodi-
ment, the thickness of margin layer 330 1s selected to be
suificient for the total sidewall height H,+H; to be greater
than sidewall height H, . Thus, the margin layer augments the
second non-planarity in the device so that 1t 1s greater than the
first non-planarity. In a further embodiment, the thickness of
margin layer 330 1s selected to be greater than sidewall height
H, . In another embodiment, the thickness of margin layer 330
1s selected to be greater than sidewall height H, by an amount
equal to an amount of under etch planned for the first unpat-
terned etch of the spacer film, discussed below, so that the
total height of the second nonplanarity (H,+H,) 1s signifi-
cantly greater than the height of the first non-planarity (H, ).

Depending on the device, margin layer 330 may be a
dielectric, a semiconductor or a metallic material. Margin
layer 330 may be the same or different material as the spacer
film subsequently deposited. In one embodiment, margin
layer 330 1s a dielectric selected from the group comprising
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silicon oxides and silicon nitrides. In one such embodiment,
margin layer 330 1s a silicon oxy-nitride (S1ON).

Next, a spacer 11lm 317 1s deposited over the device. Gen-
erally, as shown 1n FIG. 3D, spacer film 317 1s blanket depos-
ited to cover all structures. In one embodiment, spacer film
317 1s conformal, such that thickness T, on a first surface 1s
equal to thickness T, on a second surface orthogonal to the
first. The thickness of the spacer film 317 defines the thick-
ness of the selective spacer. In one embodiment, spacer film
317 1s deposited to a thickness T, greater than the sidewall
height H, . In a further embodiment, spacer film 317 1s depos-
ited to a thickness less than the total sidewall height H,+H,.
Therefore, 1n certain embodiments, a conformal spacer film
317 has a thickness T, that 1s less than the total sidewall height
Hy+H,.

Spacer {1lm 317 may be any material commonly known to
provide good step coverage. In an embodiment, spacer {1lm 1s
an oxide or nitride of silicon. Spacer film 317 may be a
material distinct or the same as margin layer 330 to provide a
desired selectivity (either higher or lower etch rate relative to
spacer film 317) during a subsequent spacer etch. In an alter-
nate embodiment, spacer {ilm 317 may comprise a plurality of
material layers. In one such embodiment, a first silicon nitride
layer 1s deposited and second silicon oxide layer 1s deposited
over the silicon nitride layer to form a composite or dual
spacer. Deposition may be with any commonly known tech-
nique, such as, but not limited to, chemical vapor deposition
(CVD), low pressure chemical vapor deposition (LPCVD),
plasma enhanced chemical vapor deposition (PECVD), or
high-density plasma (HDP) processes flowing precursors
selected from the group consisting of silane (S1H, ), ammonia
(NH,), nitrogen (N, ), nitrous oxide (N,O), oxygen (O,), and
water vapor (H,O).

Then, a portion of the spacer film 1s removed with a first
unpatterned etch to form an unselective spacer, as shown in
FIG. 3E. Generally, the first unpatterned etch 1s any process
capable of anisotropically etching spacer film 317. Any aniso-
tropic etch with good uniformity, selectivity and etch rate
control may be employed. In some embodiments, spacer film
317 1s etched using a commonly known anisotropic etch, such
as a plasma or reactive 1on etch (RIE) process using an etchant
gas such as, but not limited to, hexatluorethane (C,F ). It the
first unpatterned etch 1s completely anisotropic, the thickness
T, after etch will remain the thickness as deposited (T, 1n FIG.
3D). Because of the anisotropic character of the etch, the
remaining thickness X on a first surface 1s significantly less
the thickness T, on a second surface orthogonal to the first.
Thus, the first unpatterned etch forms undesired spacer 318
adjacent to the sidewall of non-planar semiconductor body
315 as well as desired spacer 319 adjacent to the sidewall of
gate stack 314 and margin layer 330.

In an embodiment, as shown 1n FI1G. 3E, the thickness T; of
undesired spacer 318 is less than thickness T, of desired
spacer 319. This 1s a result of spacer film 317 being deposited
to a thickness greater than the sidewall height H,. However,
because of the height ditterential between H, and H,+H,, the
entire sidewall height H, 1s protected by desired spacer 319
having the thickness T,, which 1s greater than thickness T; of
undesired spacer 318. As discussed below, this difference in
thickness helps to form a selective spacer.

In another embodiment, as shown 1n FIG. 3E, the first
unpatterned etch anisotropically etches slightly less than the
tull deposited thickness of spacer film 317 (1.e. an under etch).
(Given an amsotropic etch rate of R ,, the anisotropic etch 1s
performed for a time (T, —X)/R . Because the anisotropic etch
1s terminated prior to etching through spacer film 317,
remaining thickness X protects the underlying material from
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a harsh etching environment to greatly reduce etch damage. In
the particular embodiment shown, non-planar source/drain
region 316 1s protected from anisotropic spacer etch damage
thereby improving the quality of contacts later formed 1n or
on non-planar source/drain region 316. In one such embodi-
ment, a dual-layer spacer 1s utilized to allow an endpointed
etch which terminates upon reaching the base layer of the
composite spacer. For example, a silicon dioxide (S10,,) layer

1s anisotropically etched and endpointed on a silicon nitride
(S1;N,) layer of spacer film 317 to prevent damage to non-
planar source/drain region 316. In this embodiment, as pre-
viously discussed, margin layer 330 1s selected to have a
thickness greater than sidewall height H, plus under etch

thickness X.

Next, a second unpatterned etch i1s performed to remove an
additional portion of the spacer film to form the selective
spacer. Generally, the second unpatterned etch 1s i1sotropic.
The 1sotropic etch employed depends on the composition of
spacer {llm 317. In an embodiment, the 1sotropic etch
employs an oxidizing wet chemistry. In a specific embodi-
ment, where spacer film 317 1s a nitride or oxide of silicon, the
1sotropic etch employs a wet chemical solution comprising
phosphoric acid (H,PO,) or a butlered oxide etch (BOE),
respectively. In an alternate embodiment, the 1sotropic etch
utilizes dry process. In one such embodiment, NF, 1s
employed 1n a downstream plasma reactor to i1sotropically
etch spacer films, such as, but not limited to, oxides and
nitrides of silicon.

In the embodiment shown in FIG. 3F, the unpatterned
1sotropic etch removes undesired spacer 318 (of FIG. 3E)
adjacent to the sidewall of the first non-planarity leaving only
desired spacer 319 (equivalent to selective spacer 219 1n the
embodiment of FIG. 2) adjacent to the sidewall of the second
non-planarity. In an embodiment, the unpatterned 1sotropic
etch 1s performed to remove undesired spacer 318 from the
full sidewall height H, . Thus, for a given wet etchrate R, the
1sotropic etch 1s performed for a time H,/R . Referring to
FIG. 3F, because of the height differential between H, and the
sum of H,+H;, the 1sotropic etch removes undesired spacer
318 exposing sidewall height H, of non-planar semiconduc-
tor body 315. Since the margin layer has a thickness at least as
great as the sidewall height H,, desired spacer 319 is eroded
only enough to expose a portion of sidewall height H, while
sidewall height H, of gate stack 314 remains completely
protected. As shown 1n FIG. 3F, the final thickness T,, or
lateral width, of desired spacer 319 1s less than the deposited
thickness of spacer film 317 (FIG. 3D) because of the unpat-
terned 1sotropic etch. The excellent etch rate control of many

commonly known 1sotropic etches provides suflicient control
over the final thickness T.,.

In a further embodiment, the unpatterned 1sotropic etch
also removes the thickness X of spacer film 317 (FIG. 3E)
remaining aiter the first unpatterned etch. Thus, for a given
wet etch rate R, the 1sotropic etch 1s performed for a time
(H,+X)/R, . The 1sotropic chemical etch leaves surtace 325
(FIG. 3F) substantially free of spacer etch damage along the
length L,. Thus, 1n a particular embodiment, non-planar
source/drain regions 316 comprise self-aligned regions sub-
stantially free of sidewall spacers and etch damage. This
provides a larger surface area and better quality surface for
contacting source/drain regions 316 than would be possible
with a non-selective spacer. In this embodiment, margin layer
330 having a thickness equal to the sidewall height H, added
to thickness X (FIG. 3E) ensures that none of sidewall height
H, 1s exposed during the etch of the undesired spacer having

a height H, +X.
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Thus, because the 1sotropic spacer etch both thins the lat-
eral width and reduces the vertical height of spacers, the
height differential between H, and H,+H,, results 1n selective
retention of desired spacer 319. Therelore, a properly selected
margin layer 330 thickness 1n conjunction with subsequent
anisotropic and 1sotropic etches enables a spacer to form,
without any lithographically defined etches of the spacer film,
on a first non-planar structure selective to a second non-planar
structure.

Finally, with desired spacer 319 formed selectively, non-
planar source/drain regions 316 may be self-alignedly doped
and/or contacted by any means common 1n the art. Because
non-planar source/drain regions 316 have a sidewall height
H, substantially free of spacer along the length L, both the
top surface and sidewalls of non-planar source/drain regions
may be implanted, silicided, contacted, etc. In a particular
embodiment shown 1n FIG. 3G, self-aligned epitaxial source/
drain 340 1s formed on non-planar source/drain regions.
Along the length L, the top surface and sidewalls of non-
planar source/drain regions 316 provide a growth surface for
the epitaxial semiconductor layer. Because there 1s no spacer
on sidewalls of non-planar source/drain regions 316, epitaxial
source/drain 340 may be formed adjacent to 1solation 310 for
increased contact area. Self-aligned epitaxial source/drain
340 may be any commonly known epitaxial semiconductor
that has good conductivity correct conductivity type for the
particular device. In an embodiment, self-aligned epitaxial
source/drain 340 comprise, silicon, germanium, and alloys
thereof. Epitaxial growth 1s performed with commonly
known techniques such as liquid phase epitaxy (LPE) or
metal organic chemical vapor deposition (MOCVD) utilizing
commonly available precursors.

In an alternate embodiment, a self-aligned silicide or “sali-
cide” 1s performed on non-planar source/drain regions 316.
Because the selective spacer process results 1n non-planar
source/drain regions 316 with self-aligned regions substan-
tially free of both sidewall spacers and etch damage, a larger
surface area and better quality surface for salicidation 1s pos-
sible. Thus, with the selective spacer 1n place, further pro-
cessing may be performed as common 1n the art.

Although the present imnvention has been described 1n lan-
guage specific to structural features and/or methodological
acts, 1t 1s to be understood that the invention defined in the
appended claims 1s not necessarily limited to the specific
features or acts described. For example, many applications
may benefit from selective spacer processes 1n accordance
with the present mnvention and one of ordinary skill in the art
would recognize the multi-gate transistors described as par-
ticularly graceful implementations of the claimed invention
usetul for i1llustrating the present mvention.

What 1s claimed 1s:
1. A method of forming a selective spacer on a device
comprising;

forming a non-planar structure having a first sidewall and a
second sidewall;

forming a margin layer having a sidewall over and 1n align-
ment with the second sidewall to augment the second
stdewall for a total height greater than that of the first

stdewall, wherein the margin layer 1s formed to have a
thickness greater than the height of the first sidewall;

depositing a spacer {ilm over the non-planar structure to
cover the first sidewall and the second sidewall, wherein
the spacer film 1s deposited to a thickness greater than
the height of the first sidewall and less than the thickness
of the second sidewall added to the thickness of the
margin layer;
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removing a portion of the spacer film with a first unpat-
terned etch to form a first spacer on the first sidewall and
a second spacer on the second sidewall; and
removing the first spacer from the first sidewall with a
second unpatterned etch without removing the second
spacer from the second sidewall to form the selective
spacer.
2. The method of claim 1, wherein the spacer film 1s depos-
ited conformally.
3. The method of claim 2, wherein the first unpatterned etch
1s anisotropic and the second unpatterned etch 1s 1sotropic.
4. The method of claim 1, wherein the first unpatterned etch
1s terminated before the full thickness of spacer film 1s etched
to prevent damaging the top surface of the non-planar semi-
conductor, and wherein the second unpatterned removes the
thickness of the spacer film remaining after the first unpat-
terned etch while removing the first spacer from the first
sidewall.
5. A method of forming a multi-gate transistor comprising;:
forming a non-planar semiconductor body having a top
surface and a first sidewall;
forming a gate stack in contact with the non-planar semi-
conductor body, the gate stack having a top surface and
a second sidewall;
forming on the gate stack a margin layer having a sidewall
over and 1n alignment with the second sidewall to aug-
ment the second sidewall for a total height greater than
that of the first sidewall;
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depositing a spacer film over the non-planar semiconduc-
tor body and the gate stack to cover the first sidewall and
the second sidewall, wherein the spacer film 1s deposited
to a thickness greater than the height of the first sidewall;

removing a portion of the spacer film with an unpatterned
anisotropic etch to form a first spacer adjacent to the first
stdewall and form a second spacer adjacent to the second
sidewall; and

removing the first spacer from the first sidewall with an

unpatterned 1sotropic etch without removing the second
spacer from the second sidewall.

6. The method of claim 5, wherein the first unpatterned etch
1s terminated before the full thickness of spacer film 1s etched
to prevent damaging the top surface of the non-planar semi-
conductor.

7. The method of claim 5, wherein depositing the spacer
{1lm on the non-planar structure covers the margin layer side-
wall and removing the first spacer from first sidewall removes
the spacer film from at least a portion of the margin layer
sidewall.

8. The method of claim 5, wherein the margin layer 1s
formed to have a thickness greater than the height of the first
sidewall.

9. The method of claim 8, wherein the spacer film 1s depos-
ited to a thickness less than the thickness of the gate stack
added to the thickness of the margin layer.
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